The purpose of this study is to describe (1) the receipt of diabetes self-management education (DSME) in a large, diverse cohort of US youth with type 1 diabetes (T1DM), (2) the segregation of self-reported DSME variables into domains, and (3) the demographic and clinical characteristics of youth who receive DSME.
T he Diabetes Control and Complications Trial provided unequivocal scientific evidence that intensive glycemic control achieved by matching food intake, physical activity, and insulin to the self-monitoring of blood glucose (SMBG) improves micro-and macrovascular outcomes among individuals with type 1 diabetes (T1DM). 1 Achieving this level of self-management requires frequent, rigorous diabetes education and support. [2] [3] [4] Patients must be provided with knowledge and skills, empowering them to take control of their diabetes. The American Diabetes Association (ADA) and the International Society for Pediatric and Adolescent Diabetes recommend ongoing, tailored diabetes selfmanagement education (DSME) provided by a multidisciplinary health care team. 5, 6 Most studies evaluating adherence to ADA guidelines among individuals with diabetes in the United States have focused on the ABC of diabetes 7, 8 : hemoglobin A1c (A1C), blood pressure, and cholesterol. 9 To date, no epidemiological study has systematically evaluated the content and process of diabetes education received as part of routine care among youth with T1DM in the United States. Furthermore, the characteristics of youth who report receiving recommendations or information relating to diabetes from their health care providers are unknown. The identification of demographic and clinical variables associated with receipt of DSME is important for classifying populations based on need and adapting service delivery to more precisely meet the needs of youth with T1DM. With the rising cost of health care in the United States and persistent disparities in health care utilization, 10 it is essential that gaps in care are realized in order to maximize medical resource consumption and improve patient outcomes.
SEARCH for Diabetes in Youth is an ongoing, population-based study of diabetes in youth across 5 centers in the United States: South Carolina, Ohio, Colorado, California, and Washington. This large, diverse sample provides a unique opportunity to explore the content and processes of diabetes education received as part of routine pediatric and adolescent care. The objectives of this study were to describe (1) the receipt of DSME in a large, diverse cohort of United States youth with T1DM; (2) the segregation of self-reported DSME variables into domains; and (3) the demographic and clinical characteristics of youth who receive DSME.
Methods

Sample
Data are from SEARCH for Diabetes in Youth. Study details are published elsewhere. 11 Briefly, incident cases of physician-diagnosed diabetes in youth <20 years of age were identified beginning in 2002 with estimated case ascertainment >90%. 12, 13 Participants were asked to complete an initial survey and after completion were invited for an initial study visit. Participants in the 2002-2005 incident cohorts who participated in this visit were also invited to follow-up visits at approximately 12, 24, and 60 months. Questionnaires querying DSME content and process variables ( Figure 1 ) were added to the study protocol part way into the implementation of the 24-month follow-up visits and were completed by the participant if ≥18 years of age or by the parent/guardian, commonly with assistance from the youth, if <18 years of age. The present analysis used cross-sectional data collected from participants with T1DM during the most recent of these visits (eg, 24 or 60 months) for which both A1C and complete questionnaires relevant to DSME were obtained (n = 1275).
Measures
Staff were trained and certified in standardized procedures prior to initiating data collection and were recertified annually. Study protocols were approved by Institutional Review Boards at all participating sites. Questionnaires administered at the follow-up visits queried 25 DSME content and process variables ( Figure  1 ). Demographic covariates, based on self-report, included age, gender, race/ethnicity defined according to the 2000 United States Census categories, 14 parent migration status, parent educational attainment, family structure, estimated total annual household income, and health insurance coverage. Self-reported clinical covariates included diabetes duration, frequency of SMBG, proportion of diabetes care done by the participant, and insulin regimen.
Body mass index (BMI) was calculated as measured weight (kg) divided by height (m) squared, and obesity was defined as a BMI ≥95th age-and sex-specific percentile for participants ≤20 years of age and BMI ≥30 kg/ m 2 for participants >20 years of age. A1C was measured in whole blood using automated high-performance liquid chromatography (Tosoh Bioscience, Montgomeryville, PA). Glycemic control was specified as "good" according to the ADA age-specific target values: <6 years, A1C <8.5%; 6 to 12 years, A1C <8.0%; 13 to 18 years, A1C <7.5%; ≥19 years, A1C <7.0%. 15 Participants of all ages with an A1C ≥9.5% were classified as having "poor" glycemic control, 15 and participants with an A1C between the "good" and "poor" limits were classified as having "intermediate" glycemic control.
Analysis
Participant characteristics were analyzed using standard univariate statistical procedures. Because of the large number of DSME content and process variables collected in SEARCH and the fact that many of these variables are correlated, a variable reduction technique was employed to derive a smaller number of independent latent variables-clusters of DSME content and process variables called "factors"-that could account for most of the variance in the observed variables. Factors with eigenvalues >1, indicating that the factor is accounting for a greater amount of variance than any single variable, and that explained >5% of total variance were further evaluated using a scree plot. 16 Given these criteria, 5 factors were retained in the final analysis. Orthogonally rotated factor loadings (eg, the correlations [range, -1.0 to 1.0] between the factors and the independent variables) greater than ±0.40 were interpreted. Factors were named according to the variables with high factor loadings, and names are italicized throughout the text. Scores for each factor were computed for participants as the linear composite of all optimally weighted observed input variables.
The association of demographic and clinical characteristics (the independent variables, including both categorical and interval specifications) with DSME factor scores (the dependent variables, specified as quartiles with quartile 1 as the referent) was evaluated using polytomous logistic regression (a.k.a., multinomial logistic regression). The measures of association were therefore odds ratios with corresponding 95% confidence intervals. All analyses were conducted using SAS 9.2 (SAS Institute, Cary, NC). Values are presented as mean ± SD or percentage. Statistical significance was considered for P < .05.
Results
Participants with A1C >17.0% (n = 2) were excluded because the circumstances surrounding this extreme level of poor control are likely different from those surrounding typical poor control (final results consistent with inclusion; data not shown). The final sample size was 1273.
Participants were 14.6 ± 4.5 years of age (range, 3.5 to 26.1 years), had a T1DM duration of 63.1 ± 17.0 months (range, 23 to 103 months), and among participants ≥10 years of age, 41.6% reported being responsible for all of their own diabetes care. Approximately half of participants were on insulin pumps, and 72.8% reported a frequency of SMBG ≥4 times per day, yet only 27.1% were classified as having good glycemic control ( Table 1) .
The proportion of participants reporting DSME content and process variables is presented in Table 2 . Although nearly all participants reported knowing their target blood glucose, 15.4% of parents/guardians reported not knowing the preferred A1C for their child. Of those who did report a value, the mean ± SD was 6.9% ± 1.2% (range, 0.2% to 15%). Because of their inability to discriminate between participants, DSME variables for which the proportion responding "yes" was >90% were excluded from the factor analysis. Six of the 25 DSME content and process variables met this criterion. The remaining 19 variables were included in the factor analysis.
Factor retention criteria resulted in the retention of 5 factors (Table 3 ). Receiving recommendations relating to dietary exchanges, fat gram tracking, calorie tracking, and low-glycemic-index foods loaded heavily on the first factor, which was named Receipt of Specific Medical Nutrition Therapy (MNT) Recommendations. Receiving Participants in the highest quartile (relative to lowest quartile) for Receipt of Specific MNT Recommendations were more likely to report being of a minority race/ethnicity, having ≥1 foreign-born parent, living in a singleparent household, and having an estimated total annual household income <$50 000 (Table 4 ). They were also older, less likely to report doing 25% to 75% of their own diabetes care (relative to >75%), more likely to be on an insulin regimen other than a pump, more likely to have poor glycemic control, and more likely to be obese. Queries with proportion of participants responding "yes" >90% were excluded from the factor analysis.
Participants in the highest quartile (relative to lowest quartile) for Receipt of Diabetes Information Resources were less likely to report living in a single-parent household and being on an insulin regimen other than a pump and more likely to report doing 25% to 75% of their own diabetes care (relative to >75%; Table 4 ). Participants in the highest quartile (relative to lowest quartile) for Receipt of Clinic Visit Information were less likely to report being of a minority race/ethnicity, living in a single-parent household, and having an estimated total annual household income <$50 000 and more likely to report having a parent with some college or a degree beyond high school (Table 4 ). They were also younger, less likely to be on an insulin regimen other than a pump, less likely to report an SMBG frequency of <3 times per day, and less likely to have poor glycemic control.
Participants in the highest quartile (relative to lowest quartile) for Receipt of Specific Diabetes Information were less likely to report being of a minority race/ethnicity or having ≥1 foreign-born parent (Table 4 ). Finally, participants in the highest quartile (relative to lowest quartile) for Met With Educator or Nutritionist were younger and more likely to report doing 25% to 75% of their own diabetes care (relative to >75%; Table 4 ).
Discussion
In this diverse, population-based sample of youth with T1DM in the United States, receipt of DSME content consistent with primary diabetes education (eg, "survival skills" and initial education occurring at and shortly after diagnosis 6 ) is prevalent. Five clusters of DSME variables were identified:
Receipt of Specific MNT Recommendations, Receipt of Diabetes Information Resources, Receipt of Clinic Visit Information, Receipt of Specific Diabetes Information, and Met With Educator or Nutritionist; significant associations between these factors and demographic and clinical characteristics were observed.
As one might expect in a cohort with a mean diabetes duration of 5 years, a vast majority of participants reported receiving recommendations relating to diabetes survival skills 6 : blood glucose targets, basic nutrition advice (eg, carbohydrate counting), an explanation of what to do for hyper-and hypoglycemia, and how to handle diabetes during illness. However, there were some aspects of primary diabetes education reported at low frequencies, including psychological issues with regard to diabetes and diabetes support services. Given the high prevalence of depressed mood and fears of hypoglycemia among youth with diabetes, [17] [18] [19] [20] these observed low frequencies represent an important gap in care. Many aspects of secondary diabetes education (eg, continuing diabetes education curriculum contributing to an in-depth understanding of self-management 6 ) were reported at alarmingly low rates. For example, only half of the participants reported meeting with a dietitian or nutritionist in the past 12 months. Finally, only half of participants reported receiving information about diabetes camps, which may represent a missed opportunity for teaching diabetes self-management skills. 21 Among participants ≥10 years of age, 42% reported doing all of their own diabetes care; among the entire sample, 62% reported doing more than 75% of their own diabetes care. Sustaining intensive diabetes selfmanagement throughout childhood/adolescence relies on the involvement of parents/guardians. 22, 23 These observations, coupled with the high rate of youth not meeting glycemic goals, may suggest that responsibility for diabetes tasks is being assumed by youth too quickly without adequate reinforcement of DSME aimed at the child/adolescent with an emphasis on parent/guardian partnership. Youth often cannot apply knowledge consistently without adult partnership and supervision. Because SEARCH did not specifically query toward whom the DSME was aimed, this analysis could not definitively answer whether the education was aimed at the child/adolescent. However, youth in this sample are doing most of their own diabetes care, and frequent repetition and family involvement are important for maintenance of skills in this age group.
To date, studies have focused on diabetes knowledge among youth with T1DM, 24, 25 but few have identified the routine sources of that knowledge or DSME processes. 26 In this study, most participants reported receiving information about diabetes during a clinical visit, but fewer than half received counsel on how to find reliable diabetes information on the Internet. In addition, the use of technologies for delivering diabetes information was not widely reported: only 6% of participants received videos or audiotapes, while 47% received information via phone. The latter estimate could be biased because respondents may not have included or recalled brief telephone encounters, such as communications with nurse educators about blood glucose adjustments. The use of technology (eg, mobile phones, text messaging, and social networking websites) as a tool for delivering education and improving motivation may be attractive to youth and has shown promise in interventions. [27] [28] [29] [30] [31] The observations reported here may indicate an important gap in empowering patients to improve selfmanagement practices. However, telephone case management, including text messaging, is not currently reimbursed and is time-consuming for health care providers; these barriers may limit their use in routine care. Finally, the development of monitored social networking websites targeted at youth and publically available is a necessary step before health care professionals will be able to recommend these tools in the course of routine care.
Consistent differences in age and proportion of diabetes care done by the participant across factor quartiles were observed. Younger participants, reporting doing less of their own diabetes care, scored higher on Receipt of Clinic Visit Information and Met With Diabetes Educator or Nutritionist, while older participants, reporting being responsible for most of their own diabetes care, were more likely to score high on the Receipt of Specific MNT Recommendations. The increased odds of being on a pump among participants in the highest versus lowest quartile for Receipt of Diabetes Information Resources and Receipt of Clinic Visit Information may reflect the requirement for higher levels of education with the use of new management methods, such as insulin pumps.
Participants scoring high on Receipt of Specific MNT Recommendations had several distinct characteristics: they were more likely to be second-generation immigrants reporting a minority race/ethnicity and more likely to have lower socioeconomic status (eg, live in a singleparent household and have a lower estimated total annual household income). These participants were also more likely to have poor glycemic control and to be classified as obese. Together, these observations may indicate that health care providers are attempting to address known difficulties in adherence in these high-risk populations.
A limitation of this analysis is that because DSME variables were self-reported, participant perception and knowledge of professional credentials may have resulted in misreporting of meeting with various practitioners, including diabetes educators, nurses, nutritionists, and dietitians. Countering this, social desirability bias may have resulted in overreporting of meetings: participants may think they should have these meetings and report attendance in the absence of an actual visit.
Conclusions
This is the first study to describe the receipt of DSME in a large, population-based sample of youth with T1DM in the United States. The analysis focused on secondary diabetes education (eg, continuing diabetes education following the initial survival education provided at the time of diagnosis and soon thereafter) and was therefore able to identify gaps in self-reported continuation of diabetesrelated education. In particular, few participants reported receiving information relating to psychological issues with regard to diabetes, diabetes support services, and diabetes camps, which are important aspects of continuing education that may improve patient self-management and quality of life. Health care providers, including diabetes educators, should work to address these gaps in DSME content, perhaps through the use of new technologies. Future research should prospectively evaluate DSME received as part of routine care and clinical outcomes, to build on the experimental evidence base supporting continuing diabetes education for youth with T1DM.
